SYNOPSIS A manual system of microbiology reporting with a National Cash Register (NCR) form with printed names of bacteria and antibiotics required less time to compose reports than a previous manual system that involved rubber stamps and handwriting on plain report sheets. The NCR report cost 10*28 pence and, compared with a computer system, it had the advantages of simplicity and familiarity, and reports were not delayed by machine breakdown, operator error, or data being incorrectly submitted. A computer reporting system for microbiology resulted in more accurate reports costing 17-97 pence each, faster and more accurate filing and recall of reports, and a greater range of analyses of reports that was valued particularly by the control-of-infection staff. Composition of computer-readable reports by technicians on Port-a-punch cards took longer than composing NCR reports. Enquiries for past results were more quickly answered from computer printouts of reports and a day book in alphabetical order.
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A detailed comparison between a computer system and a manual system in a microbiology laboratory has not yet been reported. The unacceptable aspects of a laboratory computer system have been described by Toreson (1970) and Kobernick and Mandell (1974) , but many of those who introduce a computer system are enthusiasts who minimize or ignore its constraints, its greater cost, and its disadvantages, and eulogize the benefits. A computer can do some useful things such as arrange in alphabetical order a list of specimens received or reports issued; if, however, a laboratory does not wish to make a record of specimens received there may be no advantage for the laboratory from that ability of the computer. At Northwick Park Hospital a comparative trial of manual systems and a system of computer-assisted reporting and filing (CARF) in microbiology was possible because the laboratory started work with a manual system, but the hospital already possessed two of the requirements of a computer system: patient identification by a system that was computer-readable, and available time on a computer (ICL 1903A) in the adjoining Clinical Research Centre. The trial was therefore designed 'Present address: Microbiology Department, Royal Perth Hospital, Perth, Western Australia 6001 Received for publication 4 November 1975 553 to determine whether a computer method could eliminate the problems of manual methods without introducing even greater problems.
Material and Methods
MANUAL SYSTEM A (MSA) Northwick Park Hospital opened in September 1970; until June 1973 microbiology reports were entered on plain request/report sheets by rubber stamps and handwriting. On receipt of a specimen in the laboratory a serial number was stamped on the request form and in a 'day-book' in which were written the patient's name and details of the specimen; the number was written on the specimen. The request form was photocopied, so that a copy of the report could be kept in the laboratory file. An additional photocopy was made of a request from a general practitioner so that a copy of the report could be filed in the patient's hospital folder, to be available when the patient attended hospital. MANUAL SYSTEM B (MSB) laboratory copy by the NCR system (figure). Patient details were written in the day-book as with MSA.
COMPUTER ASSISTED SYSTEM (CARF)
From March 1974 the system described by Goodwin and Smith (1976) was used for all specimens. CARF was most frequently compared with MSB, and in such comparisons they are referred to as 'the two systems'.
TIMING OF PROCEDURES
Registration of specimens in each system, recording of results, and retrieval from the files to answer telephone and other enquiries were timed by staff who were not normally connected with the laboratory-two university students attached to the laboratory for periods of a few months each. Each procedure was timed on at least eight occasions and a statistical analysis-Student's t test-was then made of the first four measurements compared C. S. Goodwin with the last four to determine whether these differed significantly at the 5% level. It had been expected that the clerks and technicians would be more sensitive during the original timings and become either faster or slower during the four latter measurements. However, none of the procedures varied in this way. More measurements were then made and if t'le latter measurements remained within the range of the earlier extremes a total of 10 measurements were made for each procedure. The results were expressed as the time taken, in decimal minutes, for the work on 10 specimens.
ERRORS AND FAILURES
Reports with omissions of microbiologically important features, and errors of interpretation and transcription were investigated for the two systems. To determine whether the files contained a copy of every report, sections of the file of each system were investigated by searching for every tenth report. The product of the registration procedure differed between the two systems: in the CARF day-book the entries were sorted by the computer into alphabetical order; in the MSB day-book they remained in the order of arrival. At the end of each week all the CARF entries were re-sorted to produce a weekly alphabetical day-book. The usefulness of a list in alphabetical order is discussed under 'Retrieval of reports' below; but it is evident that it would be quicker to find a name in an alphabetical list than in a list in order of arrival, as with MSB.
Distribution ofreports to the wards
For the manual systems the technicians wrote reports that were in a form that could be signed by the laboratory doctor and sent immediately to the wards. For CARF an extra procedure was requiredcollection of paper-tape and punched cards, submission to the computer, and printing of reports. In this hospital, reports are collected from the laboratory at 11.00, 14.00, and 17.00 hours. For the manual systems some reports were available by 11.00 hours, but for CARF, with limited access to the computer, reports were not available until 12.00 hours and so were collected at 14.00 hours. For CARF the production of the reports could be delayed by a mechanical fault in the computer, or an error by a computer operator, or by a delay in the availability of the machine. On average, once a month reports were printed at a later time, which resulted in their not being available for collection by 14.00 hours. Medical staff were asked whether they had noticed that CARF reports were available later than manual reports; they had not noticed this.
Filing
The time required to file 10 request forms with each system is shown in table I; for the manual systems, forms were filed in alphabetical order, but CARF forms were filed in numerical order. MSB required significantly more time for filing than CARF. From table I it can be calculated that for filing, after being signed, 200 forms a day MSB required 13.8 minutes more than CARF, and this is a significant difference; but for sorting and filing CARF required 14.2 minutes more than MSB. The completeness of the files was analysed as described in Methods. In the MSB file 10 out of 300 forms (3.3%) could not be found; in the computer file only one out of 300 (0.3%) was missing. One reason that an MSB form might have been misfiled was that the name on the form had been written by hand; among 500 pairs of urine specimens there were 14 occasions when the second name differed appreciably from the first-examples were Jackson and Jockson, and Salterthwaite and Satterthwaite. The missing CARF report must have been due to a combination of two failures of the system; the specimen details were rejected and remained uncorrected by the DPO or were never entered, and the subsequent card-rejection was not acted upon by the laboratory staff.
In the CARF numerical file of forms, of 2913 envelopes, six (0.2y%) were misfiled, four of these being five places away from their correct place, one being 18 places away, and one being 75 places away.
Retrieval ofreports
To answer an enquiry for a result on a specimen that was still being examined in the laboratory the clerk found the number of the specimen in the daybook, as this facilitated finding the culture plates and request form in the laboratory. To answer an enquiry about a specimen that had never reached the laboratory a categorical assurance had to be C. S. Goodwin given that there was no record of the specimen in the day-book. For MSB a search for 10 entries in the day-book required 8 minutes, but for CARF it required only 2 minutes. Telephone enquiries for reports were received every day, usually because the report issued by the laboratory had not reached its destination. Enquiries for reports issued up to one week previously were timed separately from enquiries for reports issued between one week and six months previously. A third group of enquiries came from laboratory staff who occasionally wished to see the copy of a report that might have been issued 6-12 months previously. CARF reports issued the previous week were accumulated in a printout in alphabetical order, and those less than a week old were in a separate daily printout, these being in foldersbythe office telephone. Manual copies, for several weeks after a report had been issued, could be in one of six different places, each of which might have to be visited to answer a telephone enquiry. For example, the copy could be in the laboratory, or with the control-of-infection officer or other senior laboratory staff. Filing of manual forms tended to lag behind the daily output, and each day's copies were kept in a separate clip. On at least three occasions 800-1000 copies were unfiled in up to 10 separate clips.
The times required to answer enquiries are shown in (Goodwin and Smith, 1976 Acceptability, service, and quality control The technicians were aware that the computer system was on trial and were very cooperative; the recording of laboratory tests was found to be easily understood; requests by them for changes in the specimen code and report wordings were met. Problems of the system and possible improvements were described by Goodwin and Smith (1976) .
The constraints of the computer puzzled or annoyed some members of the staff. The logic required to enter computer data and disentangle error reports required an effort that was accepted on most occasions by the staff, but there was a tendency to blame 'the computer' when the reason for a card rejection was not immediately obvious.
The senior chief technician required a list of the origin of specimens for the annual return to the Department of Health. By MSB this required six hours during the year by the chief technician, and other procedures by the office staff. By CARF an enquiry pack of cards was prepared every two months to produce the same list and the preparation of this pack required five minutes. The cost of computer time for an interrogation of the computer files was on average £2.
The control-of-infection sister was informed of reports on wound swabs-60 a week-and babies' swabs. By MSB the laboratory copies of these reports were available in the laboratory for her to see. By CARF a weekly printout of each of these groups of swabs was available for her personal use (Goodwin and Smith, 1976) .
Laboratory procedures could be monitored by CARF by scrutiny of the cumulative weekly printout of results, or a printout of wound swabs. Serial specimens from a patient might yield the same organism; occasionally the antibiotic sensitivities on consecutive isolates were seen to be different; this led to an enquiry to find the reason, and, if a mistake was found, steps could be taken to prevent conflicting results being issued in the future. For example, sulphonamide discs were used in two concentrations, the higher for topical antibiotics and the lower for systemic antibiotics. An isolate of Staph. aureus from an eye swab was reported as resistant to sulphonamides because the lower concentration had been inadvertently used but sensitive when the higher concentration disc was correctly used later; these results had appeared without comment on the reports.
An analysis of the percentage of each species of pathogen sensitive to commonly used antibiotics could be useful to the technical and medical laboratory staff and to clinicians. By MSB, with the staff available such an analysis was almost impossible to produce, but with CARF it was easily obtained from the computer files.
IN THE HOSPITAL
Medical and nursing staff liked the clarity of the computer-printed report; all but one of the consultants preferred the CARF report to the MSB report, but all clinicians preferred the MSB report to the MSA report. Three consultants valued a twice-monthly printout of CARF reports from their patients; such a service from a manual system would have required a photocopy of each report either at the time of issue or retrospectively after a search of the files for specimens sent by each consultant.
The control-of-infection sister appreciated the weekly printout of wound swabs, and also a printout of all specimens from one ward to monitor occasional problems of cross-infection.
COST
The development of CARF required for two years the salary of an analyst/programmer and one-fifth of a consultant's time. Computer time-at a cost of £2000-was provided by the Medical Research Council. The microbiology COBOL programs were carefully structured so that data were rapidly processed with the minimum computer-time required for each run. Registration of specimen details could be much quicker than in our CARF system, witlh an on-line computer file of patients' names and hospital locations; the DPO would register only the hospital number of the patient and the details of the specimen, and when the report was printed the patient's name, age, and sex, the name of the consultant, and the location of the specimen would be added to the report by the computer. Such a file would also avoid the error caused by the wrong SPC being put in the envelope, the DPO failing to note this, and the report having the wrong name. This discrepancy should be noted when reports are signed, but could be missed. The value of an on-line system for recording results by technicians was mentioned by Goodwin and Smith (1976) ; many errors would be detected immediately, and time would not be required to correct rejected cards.
For a manual system the main advantages are simplicity, familiarity, and cheapness. The system does not depend on machines that require skilled operators, and reports are not delayed by machine breakdown, operator error, or data incorrectly submitted. The system is relatively versatile and the format can be changed fairly easily.
For our computer system the advantages are:
accuracy of reports, faster and more accurate filing and recall of reports, a greater range of services and analysis of reports, and an extra, cumulative list of reports that could be examined by members of the department instead of requiring the office copies (Goodwin and Smith, 1976) . The greater accuracy of computer reports may incline some microbiologists not to sign some types of reports such as on a urine without cells or bacteria. The reportprint program could selectively print such reports at the beginning or end of the run, to be separated from the ones to be signed. Errors of interpretation of the zone size of sensitivity tests in terms of sensitivity or resistance were found once in every 12 reports in a manual system, and these errors were eliminated in a computer system that interpreted zone sizes (Petralli et al, 1970) . Our system used a similar technique to reduce such errors of interpretation.
As the number of specimens processed by a microbiology department increases, Andrews and Vickers (1974) have observed that pressure would come on a manual system that depended on typing reports, and mistakes might be more frequent. In a computer system, if more specimens result in more mistakes during registration of specimen details or by technicians these mistakes will be detected by the computer.
The time that was required daily-half an hourfor the microbiologist to monitor the computer system was probably justified by the improved service given by the department to the hospitalmore rapid answering of telephone enquiries, highquality reports, and the potential of avoiding delayed reports, as well as the compilations performed more easily by the computer than manually. The increased cost of computer reports might also be justified by the improvements just mentioned; but it is doubtful that a cost greater than 25 pence per report could be justified. By contrast with MSB, many CARF request envelopes could remain unfiled without causing a delay in answering telephone enquiries, but in fact such a backlog did not occur, partly because the numerical filing procedure was quicker than alphabetical filing.
A microbiology computer-system that did not meet the objectives described by Goodwin and Smith (1976) would probably not be acceptable in a microbiology department; but the system described here did not have any microbiologically undesirable features. To succeed in maintaining a microbiology computer system it would be necessary for the technicians to accept the constraints and for at least one or two senior technicians to have the will to understand its design to the same extent as the microbiologist understood it.
On balance we would say that a computer system should not be considered in a laboratory where the work-load is fewer than 25 000 specimens per year; it is worth serious consideration if work exceeds 40 000 specimens per year and may be essential if work exceeds 100 000 per year. 
